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ABSTRACT Adult whiteßy Bemisia argentifolii Bellows & Perring trap (CC trap) catches were
comparedwith suction type trapcatches.CC trapcatcheswere signiÞcantly correlated to the suction
trap catches. Higher numbers of B. argentifolii adults were caught in CC traps oriented toward an
untreated,B.argentifolii-infested, cottonÞeldascomparedwith trapsoriented towardBermudagrass
Þelds, farm roads, or fallow areas. CC trap catches at Þve heights above ground (from 0 to 120 cm)
were signiÞcantly related to each other in choice and no-choice studies. CC trap catches were low
in the Imperial and Palo Verde Valleys from late October to early June each of 1996, 1997, and 1998.
Trap catches increased with increasing seasonal air temperatures and host availability. Trap catches
were adversely affected by wind and rain. Abrupt trap catch increases of 40- to 50-fold for 1Ð2 d in
late June to early July followed by abrupt decreases in adult catches suggest migrating activity of
adults from other nearby crop sources.
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WHITEFLIES HAVE BEEN an economic pest worldwide.
Bemisia argentifolii Bellows & Perring, (5B. tabaci
Strain B) appears to have a wider host range than the
.540 plant species reported for B. tabaci (Gill 1992,
Basu 1995). In most agricultural areas in the south-
western United States cotton, Gossypium spp., spring
and fallmelons,Cucurbita spp., cole crops, and various
vegetable crops, in conjunction with weed and orna-
mental hosts, and annual alfalfa, provide a year-round
source of plants for Bemisia shelter, food, and repro-
duction. This sequential occurrence of hosts is of par-
ticular concern because dispersal from one host to
another has, in many cases, hampered management
efforts.

Progress in understanding the factors affecting Be-
misia ßight behavior and dispersal has been made
(Blackmer and Byrne 1993a, 1993b; Tonhasca et al.
1994; Blackmer et al. 1995; Byrne et al. 1995; Byrne and
Blackmer 1996; Isaacs and Byrne 1998; Byrne 1999).
However, additional information is needed before
crop rotation patterns, spatial considerations for crop
planting, and other cultural treatments can be used to
increase host-free periods as ameans to controlwhite-
ßy populations.

Bemisia dispersal activity has been studied using
yellow sticky card traps (e.g., Youngman et al. 1986,
Byrneet al. 1995).The traps aredifÞcult tohandle, and
sticky surfaces become ineffectivewhen coveredwith
dust or saturated with insects. The sticky trap is not
reusable unless cleaned and recoated. We have de-
veloped and patented a Bemisia trap (CC trap) that
overcomes thesedisadvantages (ChuandHenneberry
1998a, 1998b) (Fig. 1A). Previous studies have shown
thatCC trap catches are signiÞcantly related to yellow
sticky card trap catches (Fig. 2) (Hoelmer et al. 1998)
and to numbers of adults on cotton leaves at the same
trap height positions (Table 1) (Chu et al. 1998).

In the current studies,wecomparedCCand suction
trap catches to determine the efÞcacy of CC traps at
different heights. We also studied the inßuence of
vegetation type on CC trap catches, and determined
the seasonal abundance of B. argentifolii adults in the
Imperial and Palo Verde Valleys, CA.

Materials and Methods

CC - Suction Trap Comparisons. The CC trap used
was as described elsewhere (Chu and Henneberry
1998a, 1998b; Chu et al. 1998). The suction trap, de-
signed by Steve J. Castle (USDA-ARS, Western Cot-
ton Research Laboratory, Phoenix, AZ) was similar to
that reported by Johnson (1950) and made of 15 cm
long, clear plastic cylinderwith a 10.5 cm i.d.. One end
of the cylinder had an inverted 7.5 cm long screen (52
mesh) cone and the other housed a 12V fan (Panßow,
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Matsushita Electric, Japan) powered by a 12 V mo-
torcycle battery (Fig. 1B). Insects were trapped in the
screened cone by the suction force (air current) of 5.7
km/h.

The experimental design for the trap comparison
study was a randomized complete block (RCB) with
Þve replicates. The two trap typeswere placed in each
of the four cardinal directions on theborder of a 3.2-ha
cotton Þeld that was not been treated with insecti-
cides. In each cardinal direction therewere Þve raised
Þeld borders (blocks, 18 m long), each was divided
into two plots (9 m long). A CC or suction trap was
placed in the center of each plot. Entrances of both
trap types were 140 cm above the ground. Traps were
exposed for 4-h periods from 0700 to 1100 hours PST
each day for a total of 55 d from 14 May to 16 August

1996.AdultB.argentifoliiwere removed fromthe traps
and counted. The 55-d trap catch averages were an-
alyzed using analysis of variance (ANOVA) for a RCB
design with cardinal directions and trap types as treat-
ments. Regression analyses (Y 5 a 1bx 1 «, n 5 55)
were made to compare the relationships between the
B. argentifolii catches of the two trap types.

CC Trap Height Catches in a Fallow Field. The
effect of trap height on CC trap catches was studied
by placing traps in a harvested cotton Þeld at Brawley,
CA, 1996. No green leaves were visible on the har-
vested cotton plants, and the Þeld was free of other
vegetation.Theexperimentwas aRCBdesignwith ten
replicates. Each replicate had six plots, Þve for no-
choice and one for choice trap height treatments.
Each plot was 144 m2 (12 by 12 m). For the no-choice
trap height, each trap was suspended on a wooden
stake and placed at the center of the plot in the row
furrows. Trap heights, measured from the cotton beds
to the bottom edge of trap base, were 0, 30, 60, 90, and
120 cm(Fig. 3A). For the choice study, Þve trapswere
placed on an individual wooden stake at the trap
heights described for the no-choice study (Fig. 3B).
Traps were exposed for 24 h on each of 41 d from 19
August to 29 October 1996. Adult whiteßy catches
were counted after freezing. The 41-d catch averages
were analyzedusingANOVA for aRCBdesign.Means
were separated with StudentÐNeumanÐKeulÕs multi-
ple range test (Anonymous 1989). Correlations be-
tween trap catches at each trap height within and
between no-choice and choice trap arrangements
were determined.

Influence ofVegetationType onTrapCatches.Five
CC traps were placed 140 cm above the ground and
9mapart ineachof the fourcardinaldirections around
a 3.2-ha cotton Þeld. The cotton was insecticide-
treated for B. argentifolii. The Þeld was bordered on
the east by 4.8 ha of Bermuda grass, on the west by 1.6
ha untreated cotton, and on the north and south by

Fig. 1. CC (A) and suction (B) traps.

Fig. 2. Relationship between CC and yellow sticky card traps in a refugia for whiteßy parasites (adapted from Hoelmer
et al. 1998).
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fallow Þelds over 5.0 ha and separated by 12-m wide
farm roads. Traps were exposed for 24-h periods be-
ginning at 0700 hours PST for a total of 29 d from 14
May to 16 August 1996. Average wind direction and
speed in the test area were west at 5.22 km/h in May,
west at 4.38 km/h in June, southeast at 4.22 km/h in
July, and from the southeast and southwest at 4.68
km/h inAugust as recorded in theBermudagrassÞeld.
Trap catches were compared with numbers of adults
counted on Þve Þfth leaf node leaves from terminals
in 48 replicated plots in the described untreated- and
insecticide-treated cotton plots on six sampling dates
in July and August using the leaf-turn technique
(NaranjoandFlint 1995).Dataof29-dCCtrapcatches

as inßuencedbyvegetation typeand fallow landswere
plotted and averaged.

Seasonal Trap Catches. Twenty-four CC traps were
installed around the periphery of the Imperial Valley
(Fig. 4). Six additional traps were placed along a
north-south line through the central area of the valley.
Traps, for easy accessibility, were located near the
edges of farmlands, banks of irrigation canals, or road-
ways. In the Palo Verde Valley, 68 km northeast of the
Imperial Valley, 10 traps were placed at locations ori-
ented from the north to the south end the narrow
valley. Traps were suspended 1.4 m above ground on
wooden stakes, and were separated by at least eight
and three km for Imperial and Palo Verde Valleys,
respectively. Traps were replaced every 7 d from
March 1996 to December 1998 in the Imperial Valley
and from March 1997 to December 1998 in the Palo
Verde Valley. Numbers of adults in each trap were
counted after they died in the traps. The traps were
installed and maintained by personnel of the Imperial
County Agricultural CommissionerÕs OfÞce, El Cen-
tro, CA. Mean monthly air temperatures recorded in
Imperial, CA, and acreage of major crops that was
susceptible to B. argentifolii colonization during the
studywereprovidedby the Imperial IrrigationDistrict
and County Agricultural CommissionerÕs OfÞce, El
Centro, CA, respectively.

Weekly adult catches were averaged for the Impe-
rial and Palo Verde Valleys, respectively, and the
means were plotted to show seasonal distributions.
Mean monthly air temperatures and major crop grow-
ing periods were superimposed on weekly adult
catches to show the relationships between adult pop-
ulations and temperatures in general.

Results

CC - Suction Trap Comparisons. Numbers of adults
caught in CC traps were signiÞcantly lower compared
with suction traps placed in each cardinal direction
around cotton (Table 2). Regression relationships be-
tween captures by CC and suction traps were low but
statistically signiÞcant for each cardinal direction, as

Fig. 3. No-choice (A) and choice (B) placement of CC
traps in a fallow Þeld.

Table 1. Seasonal mean 6 SE numbers of adult Bemisia argentifolii caught in CC traps in no-choice and choice studies or adults counted
per cotton leaf at five heights in a cotton field at Maricopa, AZ, 1997

Variable
No. adults/trap/day or adults/10 leaves at each trap height (cm)

0 30 60 90 120

No-choice study

Adults/CC trap/day 25.1 6 3.1d 41.1 6 4.0d 101.4 6 15.1c 152.7 6 15.4b 212.8 6 25.2a
Adults/10 leaves 24.7 6 1.3c 31.2 6 3.2c 45.7 6 3.2c 111.4 6 9.7b 196.1 6 19.8a
Corr. coefÞcient 0.49 0.54 0.81 0.87 0.81

Choice study

Adults/CC trap/day 18.9 6 2.4c 53.1 6 4.9c 114.4 6 10.0b 195.4 6 11.3a 199.2 6 13.5a
Adults/10 leaves 22.2 6 2.0d 29.3 6 2.0d 53.9 6 3.2c 105.9 6 6.4b 204.7 6 8.4a
Corr. coefÞcient 0.10NS 0.28 0.48 0.65 0.54

Meanswithin a choice or no choice type in a rownot followedby the same letters are signiÞcantly different (Student-NeumanKeulÕsmultiple
range test, P 5 0.05). F 5 20.9 and 78.0 for trap catches for no-choice and choice study and 92.6 and 235.6 for adults per 10 leaves for no-choice
and choice study, respectively, and df 5 4, 36. All correlation coefÞcients are signiÞcant at P 5 0.01. NS denotes not signiÞcant. (Adapted from
Chu et al. 1998).
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well as, for the overall trap catch means (r2 5 0.27Ð
0.48, n 5 55, P 5 0.01).

CC Trap Height Catches in a Fallow Field. In the
no-choice trap study, ground level traps caught the
highest number of adults (32.2 adults/trap/24 h), fol-
lowed by traps placed at 30, 60, and 90Ð120 cm above
ground (Table 3). In the choice trap study, ground
level traps also caught the highest number of adults
(19.2 adults/trap/24 h) followed by traps placed 30
cm, and 60Ð120 cmabove ground.Choice traps caught
fewer adults compared with no-choice trap catches at
0-, 30-, and 60-cm trap heights, but not at 90- and
120-cm heights. The correlation coefÞcients were sig-
niÞcant at each level of trap height within and be-

tween no-choice and choice studies, and ranged from
r 5 0.54Ð0.96 (n 5 10, P 5 0.01, Table 4). Also catches
in no-choice and choice traps at each height were
signiÞcantly related (r 5 0.54Ð0.89, n 5 10, P 5 0.01).

InfluenceofVegetationTypesonTrapCatches.The
mean numbers of adult B. argentifolii caught per trap
during 29 exposure periods (24 h each) from 14 May
to 16 August were higher for traps placed next to
infested, untreated cotton (15.70 6 2.65 adults/
trap/d) compared with traps placed next to Bermuda
grass or fallow Þelds (9.24 6 1.56, 10.11 6 1.89, and
8.56 6 1.55 adults/trap/d, respectively). From 14 May
through 5 June, numbers of adults per trap per day
averaged less than one, except on 14 May in traps
placed next to untreated cotton (Fig. 5). Catches in-
creased slightly from 6Ð27 June, followed by abrupt
increases of 80Ð110 per trap per day on 3 July 1996 in
all trapsplacedaround theuntreatedcottonÞeld.Trap

Fig. 4. CC trap locations for B. argentifolii surveys in Imperial and Palo Verde Valleys, CA, in 1996, 1997, and 1998.

Table 2. Mean 6 SE numbers of adult Bemisia argentifolii
caught in CC and suction traps placed around cotton fields in four
different directions from 0700 to 1100 hours from 14 May to 16
August 1996 at Brawley, CA

Trap
direction

No. adults/trap/4h

CC trap
(Y)

Suction trap
(X)

Regression r2

West 3.3 6 0.2b 19.6 6 1.2a Y 5 0.85 1 0.12X 0.30
North 2.9 6 0.3b 9.2 6 0.8a Y 5 1.01 1 0.21X 0.27
East 2.2 6 0.2b 13.7 6 1.3a Y 5 1.00 1 0.09X 0.40
South 1.9 6 0.2b 9.7 6 0.9a Y 5 20.12 1 0.20X 0.48
Direction

mean
2.6 6 0.1B 13.0 6 0.6A Y 5 0.47 1 0.16X 0.39

Means of trap location or overall trap means not followed by the
same letters are signiÞcantly different. F 5 162.5, 45.8, 185.6, 26.8, and
166.9 for west, north, east, south and overall trap means, respectively,
and df 5 1, 4. All regression coefÞcients are signiÞcant (n 5 55, P 5
0.01).

Table 3. Mean 6 SE numbers of Bemisia argentifolii adults
caught with CC traps placed at five heights from top of cotton beds
in no-choice and choice trap study in a fallow field from 19 August
to 29 October, Brawley, CA, 1996

Trap, cm No-choice Choice

0 32.2 6 4.3a 19.2 6 0.3b
30 18.5 6 1.0b 12.5 6 0.6cd
60 15.1 6 0.7bc 8.6 6 0.3d
90 11.4 6 0.5cd 7.9 6 0.2d

120 10.6 6 0.2cd 8.5 6 0.4d

Means within choice and no choice column not followed by the
same letters are signiÞcantly different (Student-Neuman-KeulÕs mul-
tiple range test, P 5 0.05). F 5 24.8 and df 5 9, 45.
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catches in all traps decreased dramatically within 2 d
following the peak catches. In July and August, re-
spectively, the mean numbers of adults per leaf
countedwith the leaf-turnmethodwere21.860.8 and
14.9 6 0.9 in the untreated cotton, compared with
4.6 6 0.6 and 8.4 6 1.0 adults in insecticide treated-
cotton.

Seasonal Trap Catchs. Imperial Valley. In the Im-
perial Valley, numbers of adultB. argentifolii caught in
traps were low from 29 March to 11 May 1996, ranging
from0 to 0.5 adults/trap/wk (Fig. 6A).Meannumbers
of adults caught increased from 0.5 to 3.6/trap/wk
during the 7 June count and from 3.0 to 8.4/trap/wk
during 12 July count. A peak catch of 59.1/trap/wk
occurred on 2 August. Trap catches declined to 9.2/
trap/wk on 20 September and increased thereafter to
a secondpeakof 46.1/trap/wkon11October. From24
October to 13 December, the numbers of adults
caught ranged from0.1 to 1.8/trap/wk.Noadultswere
caught from 20 December 1996 to 15 April 1997.

In1997, numbers trapped remained lowuntil 29 July
(8.8/trap/wk) (Fig. 6B), followed by a gradual in-
crease to a peak catch of 51.5/trap/wk on 9 Septem-
ber. Trap catches decreased to 21.6/trap/wk by 7
October and to 0.3/trap/wk by 14 October. No adults
were caught from 11 November 1997 to 19 May 1998.

In 1998, the Þrst adults were caught in the Imperial
Valley, CA, on 26 May (0.1/trap/wk) (Fig. 6C). Num-
bers remained low throughout the season. On 28 July,
6.5/trap/wk were recorded followed by a small peak
catch of 14.3/trap/wk on 25 August. Trap catches
ßuctuated thereafter to 7.4/trap/wk for 1 and 8 Sep-
tember, with catches of 15.6/trap/wk occurring on 22
September. Trap catches of 4.7/trap/wk occurred 13

Fig. 5. MeannumbersofB. argentifolii adults caughtoneach samplingdate inCCtrapsexposed for 24h(0700Ð0700hours)
on the west (A), north (B), east (C), and south (D) Þeld edges around an insecticide-treated cotton Þeld at Brawley, CA,
in 1996.

Table 4. Correlation coefficients relating Bemisia argentifolii
trap catches at different heights in choice and of no-choice study in
a fallow field from 19 August to 29 October, Brawley, CA, 1996

Trap, cm
Trap, cma

0 30 60 90 120

Choice study

0 Ñ 0.74 0.70 0.64 0.61
30 Ñ Ñ 0.96 0.97 0.92
60 Ñ Ñ Ñ 0.97 0.94
90 Ñ Ñ Ñ Ñ 0.96

No-choice study

0 Ñ 0.68 0.58 0.57 0.54
30 Ñ Ñ 0.95 0.94 0.91
60 Ñ Ñ 0.95 0.95
90 Ñ Ñ Ñ Ñ 0.96

Choice vs
no-choice

0.54 0.88 0.89 0.88 0.73

All correlation coefÞcients are signiÞcant at P 5 0.01.
a Measured from top of beds.
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October and fewer than two adults/trap/wk were
caught from 20 October to 1 December. No adults
were caught from 8 to 29 December 1998.

Palo Verde Valley. In 1997 and 1998, B. argentifolii
trap catcheswerehigher in thePaloVerdeValley than
in the Imperial Valley (Fig. 6B and C). In 1997, no
adults were caught until 30 April. Trap catches were
low through early June, increased to 2Ð3/trap/wk in
mid-June and to 13.7/trap/wk by 25 June. Numbers of
adults caught peaked at 181.5/trap/wk on 27 August.
Trap catches decreased thereafter to fewer than
4/trap/wk by 1 October. No adults were caught from
3 December 1997 to early June 1998. In 1998, adult
catches ranged from 0 to 0.4/trap/wk from 3 to 17

June. Trap catches increased from 2 to 7/trap/wk
between 24 June and 15 July. Peak catches occurred
on 22 July, 26 August, and 9 September (20.7, 21.0, and
28.8/trap/wk). Numbers caught thereafter averaged
fewer than 1/trap/wk from 7 October to 11 Novem-
ber. No adults were caught after 11 November.

Adult B. argentifolii activity peaks occurred during
July, August, and September, when average air tem-
peratureswere298Corhigher.Trapcatchesdecreased
when temperatures were decreasing during October
throughDecember anddidnot begin to increase again
until June temperatures in the following year ap-
proached288C.The threshold temperature for adultB.
argentifolii ßight activity is unknown.

Fig. 6. Seasonal mean numbers of B. argentifolii adults caught in CC traps in Imperial and Palo Verde Valleys, CA, in 1996
(A), 1997 (B), and 1998 (C) and mean monthly air temperatures and sequentially occurring major cultivated crops.
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Discussion

CC whiteßy trap catches were signiÞcantly related
to the yellow sticky card trap catches and suction trap
catches (Fig. 2 andTable 2). The relationships suggest
that 90% of the yellow sticky card trap catches could
be accounted for when replaced by CC traps. For
suction trap catches, only 27Ð48% could be accounted
for usingCC traps. CC trap catches of 1.0 adult/trap/d
would be estimated when yellow sticky card trap
catches were 159.5 adults/trap/d (based on Y 5
Ð116.47 1 0.73X and 93.75-cm2 yellow sticky trap area,
Fig. 2) (Hoelmer et al. 1998).ModiÞcations have been
made that increase CC trap catches by as much as 50%
in a greenhouse study (unpublished data).

As expected, traps placed in closest proximity to B.
argentifolii infested, untreated cotton caught more
adults compared with traps near a Bermuda grass Þeld
or fallow Þelds (Fig. 4). A general dispersal of adult
whiteßies occurred in July, probably migrating from
matured spring melon Þelds. The dramatic reduction
in numbers of adults trapped within 2 d after peak
catchessuggestthattheactivitywasofshortdurationand
adults settled in the cotton Þelds following dispersal.

Temperature has a major inßuence on adult white-
ßy activity (Coudriet et al. 1986, Isaacs and Byrne
1998). Historical weather records show that mean
monthly air temperatures in the Imperial Valley are
'148C in January, increasing gradually to as high as
348C in August, and decreasing gradually to '128C in
December (Fig. 6). Coudriet et al. (1986) caught B.
tabaci adults on yellow sticky card traps in Imperial
Valley during the winter months when average daily
temperatures ranged from 13 to 158C. In our studies,
the last adult activity during each year of the study as
measured by CC trap catches, occurred in December
1996, November 1997, and December 1998 when av-
erage daily air temperatures were 13.3, 18.3, and
13.48C, respectively. Adults were Þrst trapped there-
after on 5 April 1996, 22 April 1997, and 26 May 1998
when average air temperatures were '23, 26, and
218C, respectively.

In addition to theeffect of low temperatureonßight
activity, it is well known that adult and immature
Bemisia populations decrease dramatically and ovipo-
sition and reproduction are greatly reduced on culti-
vated crops and weed hosts during fall and winter
months (Gerling and Horowitz 1984, Simmons and
Elsey 1995). Skinner (1996) suggested that 168C was
the minimum temperature threshold for B. argentifolii
reproduction. B. argentifolii has been shown to com-
plete its life cycle on winter crops such as cabbage
(Brassica oleracea L.) spp. and lettuce (Lactuca sativa
L.) under greenhouse conditions inCalifornia (Zalom
et al. 1995). Complete life cycles of B. argentifolii have
also been found to occur in the Imperial Valley in the
Þeld on numerous winter weed hosts, including both
monocotyledon and dicotyledon plants (Natwick and
Bell 1992). Earlier reports on the successful comple-
tion of life cycles of B. tabaci in the Imperial Valley in
winter months included identiÞcation of all develop-
mental stages on carrot (Daucus carota L.), broccoli

(Brassica oleracea L.), squash (Cucurbita maxima
Dene.), egg plant (Solanum malongena, L.), guar
(Cyamposis tetragonolaba (L.) Taub.), guayule
(Parthanium argentautm A. Gray), and alfalfa (Medi-
cago sativa L.) (Coudriet et al. 1985). The authors
reported that at least one generation and a partial
second has been observed on lettuce (Lactuca sativa
L.) in winter months. An estimate of the number of
empty pupal cases in the late fall indicated that one
adult was produced for every 25 mature lettuce leaves
or '5,000 adults per hectare of lettuce (Coudriet et al.
1985). Empty pupal cases in December on lettuce and
reproducing populations on alfalfa, London rocket
(Sisymbrium irio L.), and alkali mallow [Sidi hedera-
cea (Doug.) Torr.] have also been reported in Yuma,
AZ (Watson et al. 1992). Low-level egg and nymph
populations were found to exist on collard (Brassica
oleracea variety acephela de Condolle), mustard
(Brassica juncea (L.) Czernj. & Cosson variety jun-
cea), canola (Brassica napus L.), and turnip (Brassica
campestris variety rapa L.) in the winter in South
Carolina (temperature range 9.7Ð16.98C) (Simmons
and Elsey 1995). In the Imperial Valley, in addition to
the weed hosts, year-round cultivation of alfalfa
(67,000 ha/yr) and seasonal growth of cotton ('3,400
ha), broccoli and other cole crops (Brassica spp.)
('3,000 ha), and tomatoes (Lycopersicon esculentum
L.) ('300 ha) from March to June and melons (Cu-
curbita spp.) from March to June and August to No-
vember (6,670 ha) provide year-round continuity of
food, shelter, and reproductive habitat for B. argenti-
folii.The lack of adult catches in traps fromDecember
through April suggests a combination of high adult
winter mortality, below threshold temperatures for
ßight activity, low levels of crop production acreage
and reduced B. argentifolii reproduction.

A number of other factors may also affect B. argen-
tifolii ßight activity. For example, dramatic reductions
in trap catches occurred during and after wind and
rain in July and October (e.g., hurricane Nora, 24Ð25
September and strongwinds 6Ð7October 1997) in our
studies. Castle et al. (1996) showed that Bemisia adult
activity was suppressed due to sprinkler irrigation.
Adult catches occurred earlier in the year in 1996 than
in 1997, and earlier in 1997 than in 1998. B. argentifolii
population density as measured by our trap catches
was lower in 1998 compared with 1997, and lower in
1997 compared with 1996. These changes in popula-
tion density have not been explained, but a similar
phenomenon occurred following epidemic outbreaks
of Bemisia in Israel after its introduction as an exotic
pest (Gerling and Henneberry 1999). Stansly (1999)
suggested that the decline of B. argentifolii adult den-
sity in Florida over the past few years is due to three
factors: biological agents, management, and the use of
the systemic insecticide imidacloprid (Admire, Bayer
AG, Kansas City, MO) for vegetable production.
These same factors were also suggested by Natwick et
al. (1999) for the decline of adult densities in Imperial
County,CA.Althoughpredictionsareextremely risky,
it appears that B. argentifolii explosive populations
have decreased. The future role and intensity of B.
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argentifolii as an economic pest in southwestern crop
production systems remains unknown. However, the
development of highly efÞcacious insecticides likely
played a signiÞcant role in population decline and
development of resistance could reverse this trend.
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